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The analgesic effects produced by the topical application of the commonly
used dermatologic analgesic and antipruritic agents have not been investigated
quantitatively in humans. Various biological methods have been used to assay
the potency of the local and topical anesthetics, one of the most common of
which is the instillation of the agent into the conjunctival sac of a rabbit and
the comparison of its effect on the blink reflex with the effect produced by co-
caine (1, 2). Burns (3) has assayed the efficacy of cocaine hydrochloride, pro-
caine, /3-eucaine and nupercaine with the plexus anesthesia method in frogs.
For this procedure a decapitated frog is eviscerated and the lumbar plexus
exposed. A solution of the agent to be tested, in O.7N saline is poured into the
abdominal cavity in various concentrations. The degree of anesthesia is then
estimated by determining the least concentration which will abolish the motor
response of withdrawing the legs after the feet are dipped in acid. A variation
of this method was devised by Regnier, Quevauviller and Fournault (4) who
impregnated a piece of cotton with a solution of the anesthetic in Ringer's
solution and placed this over the intact thigh of the frog. After a period of
time the cotton was removed and a disc of filter paper moisted with a iN
solution of acetic acid was placed in the same spot. If, after one minute, the
leg was not reflexly raised, the anesthesia was regarded as complete.
In 1916, Macht, Johnson and Bollinger (5) first studied topical analgesics on
the human skin. They applied the Faradic current to the scrubbed skin of the
dorsum of the hand and determined the rise in pain threshold after local appli-
cation of cocaine and some of the opium alkaloids. They found that when the
skin was abraded by vigorous scrubbing with a brush, these agents penetrated
sufficiently to produce a feeble analgesia. Since these early studies we have found
in the literature no further investigations of the effects of topical analgesics in
man. This may be due in part to a desire to avoid a "subjective" report and to
a feeling of confidence in the more "objective" motor responses as seen in the
blink and withdrawal reflexes. Such reactions to noxious stimulation are, however,
variably related to the intensity of stimulation and the measurements made of
them can be used only as a rough guide for screening purposes. The most de-
sirable test subject is the conscious human who can give accurate qualitative
and quantitative reports of sensation under suitable test conditions.
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Hardy, Wolff and Goodell (6,7) have demonstrated the power of centrally
acting analgesics to raise the cutaneous pain threshold and to thus produce a
superficial hypesthesia. Also, Hardy and Javert (8) have shown that the pain
threshold raising effect of an agent is not the only important action of an anal-
gesic in reducing pain. Thus, they observed in a woman in labor that apomor-
phine greatly reduced the pain intensity but had no effect on the pain threshold.
This study indicates that the true effectiveness of an agent in reducing pain and
itching can best be evaluated by quantitative studies on patients. Thus, animal
testing serves as a rough method of screening analgesics, tests in normal human
beings furnish a more accurate assay of potency, and measurements in patients
afford the true evaluation of the effectiveness of the agent. A well planned
program contains provision for testing of analgesics at all three levels although
combining of the first two laboratory methods can under some circumstances be
effected. It is the purpose of this report to present measurements of pain threshold
raising action on the normal human skin of menthol, pebnol, benzocaine and
nupercaine ointments, ethyl chloride spray and two antihistaminics commonly
used as antipruritics (Histadyl and Thephorin).
METHOD
The Hardy-Wolif-Goodell Pain Threshold Apparatus (9) Figure 1, was used
in these experiments. The apparatus was calibrated with a radiometer imme-
diately before each experiment, after allowing the instrument to become warm
for half an hour. This preliminary warming has been found to eliminate a gradual
shift in pain threshold due to the increased stimulus intensity at the same reading
of the voltmeter. The thermal stimulus on the skin was produced by a three-
second exposure to the rays from a 500 watt incandescent lamp, which were
focussed onto the area to be tested. The test areas were blackened with India
ink to insure complete absorption of the radiation and to prevent effects due to
penetration of the rays below the skin surface. The stimulus is thus purely a
thermal one. The subject reported on the sensation experienced at the end of
the three-second exposure, and the stimulus intensity evoking the least per-
ceptible pricking pain was considered to be the pain threshold. Satisfactory
results were obtained by approaching the pain threshold from below (that is,
with two or three weaker stimuli). This prevents overstimulation of a test area
and subsequent hyperalgesia.
The measurements were carried out on three subjects who were experienced
in the use of the method. The blackened areas were coated with the different
ointments, including one of untreated petrolatum which was used as a control.
In so far as was practicable the subjects were not permitted to know which
ointment had been applied to a particular area. However, sensations of burning,
coolness, anesthesia, etc. prevented the tests from being completely "blind".
The selection of a suitable area of skin for testing offered some difficulty. The
volar surface of the forearm was used at first because the stratum corneum is
thin (0.04—0.06 mm.) in this area.
A typical experiment was carried out as follows: The subjects upon reporting
to the laboratory were seated in a row and their forearms coated in several
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places with India ink. A series of pain threshold measurements was made until
three control thresholds had been obtained on each test area. The level of pain
threshold over the inner aspect of the forearm is relatively uniform, being 180
20 mc./sec./cm.2. The results are reported in terms of per cent change from
this control level. The test areas were then coated with the ointments to be
tested. Pain thresholds on all areas were then measured at 15 minute intervals
for a period of an hour and a half after the application of the agents. In this
series of experiments, measurements were made of ointments containing 3%
phenol, 5% benzocaine, 2% menthol, 2% tetracaine hydrochloride (pontocaine)
and 1% dibucaine hydrochloride (nupercaine) all in a petrolatum base. As
these agents all had much less effect than expected a second experiment was
done. One area of skin of both forearms was irradiated with ultraviolet light so
as to produce a marked erythema; a second area was abraded with cowage pow-
CONTROL UNIT
Fra. 1. Pain Threshold Apparatus. P = shutter mechanism; S = lens; L 500 watt
lamp.
der (Cowage—a tropical woody vine having pods covered with barbed hairs
which cause intense itching.) A third untreated skin area was used as control.
One arm was treated with benzocaine in petrolatum and the other used as a
control.
A third set of experiments was performed using the mucous membrane of
the lips as the test site. Five per cent benzocaine and 1% nupercaine ointments
and two anti-histaminics, phenindamine 5% (Thephorin) and thenylpyramine
hydrochloride 2% (Histadyl) in a vanishing cream base were tested on the
lips. It was at once evident that the active agents were absorbed rapidly into
the lips causing marked local anesthesia in the cases of benzocaine and nuper-
caine.
A fourth series of tests was made of the analgesic effects of ethyl chloride
spray on the intact skin of the forearm. As the spray induces complete anes-
thesia it is not possible to evoke the threshold pain without causing tissue
damage. The procedure was therefore altered. The test area was sprayed for ten
seconds and a strong stimulus capable of producing a seven do! pain in normal
skin was applied to the test area at twenty-second intervals. The subjects esti-
mated the intensity of the pain evoked by the stimulus in terms of the seven-
do! pain.
Constant care was exercised during all experiments to minimize the effects of
EXPO$URE UNIT
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suggestion upon the subjects. Controls including placebos were used in every
experiment in which this was practical. However, the complete elimination of the
effects of suggestion probably cannot be accomplished for any procedure in-
volving positive action such as administering an agent which may (or may not)
be an analgesic.
RESULTS
Series I. The experimental results of tests on the intact skin of three subjects
are shown in Figure 2. As was anticipated, these agents had no appreciable
effect upon the cutaneous pain threshold because the penetration of the active
principle through the stratum corneum was negligible. A rise in threshold is seen
22T
Fro. 2. Changes in cutaneous pain threshold following application of analgesics to
volar surface of forearm.
for 3% phenol following vigorous rubbing with the fingers but even this is
much less than is obtained on excoriated skin.
Comment: This result shows that the intact skin, even in areas in which the
stratum corneum is very thin, does not serve as a good test site for topical
analgesics applied in ointments. The difficulty of obtaining effective penetration
of the skin by analgesic ointments is, of course, generally recognized.
Series II. The second series of experiments was performed to study the pene-
tration of analgesic ointments into erythematous and itching skin. The results
are shown in Figure 3 for 5% benzocaine in petrolatum base. The upper curves
show that the intact skin area treated with benzocaine had no analgesia. Each
point on these curves is an average of measurements made on three subjects.
After application of the cowage there was considerable itching and erythema in
the test area; the pain threshold was lowered on both arms by 25%. Following
application to one area (shaded) of benzocaine a slight amount of analgesia
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developed and itching in this area subsided. At the end of the experiment, the
thresholds in the control and treated areas were the same. It is thought that a
small amount of the agent penetrated through the epidermis by way of the
tiny abrasions made by the cowage spicules. Twenty-four hours after irradiating
the skin with ultraviolet rays there developed a marked erythema and tender-
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FIG. 4. Influence of Nupercaine 1% and Benzocaine 5% in petrolatum on the cutaneous
pain threshold of the lips.
ness. The pain threshold in these areas was approximately 50% of normal.
Following the application of benzocaine to one area of erythema, there was no
change in pain threshold. Thus there was no appreciable penetration of the
injured skin by the ointment.
Comment: Injured skin, unless abraded, is not appreciably penetrated by
analgesic ointments and is therefore not a suitable test site for topical anal-
gesics.
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FIG. 3. Influence of Benzocaine upon the cutaneous pain threshold on: a) normal skin;
b) skin abraded with cowage; c) skin made hyperalgesic by ultraviolet radiation.
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Series III. A third series of experiments was performed using the lips as the
test surface. The lips were blackened and tested in the usual way. The pain
threshold on the ]ips is lower than on the skin, being about 90 mc./sec./cm.2 but
is reproducibly constant as tested over several days. The results of tests of the
analgesic effects of nupercaine and benzocaine are shown in Figure 4.
A considerable degree of analgesia was obtained with both agents on the lips.
This was accompanied by feelings of numbness and tingling. The variability in
the results obtained in the three subjects is due to the differences in the amount
of rubbing when applying the ointments. If the ointment was applied lightly
with no rubbing there may be no development of analgesia for some time as
seen in the curve of one subject with benzocaine. If the agent be applied and
rubbed slightly a temporary analgesia is developed; if the ointment is massaged
into the skinslowly and more or less continually during the experiment a marked
degree of analgesia is obtained.
The sensation at the pain threshold changes greatly during the development
of the analgesia. There is the slight sensation of prick at the control level, but as
the analgesia develops the intensity of the threshold pain increases and becomes
more aching in quality and more disagreeable. Thus the threshold pain at the
height of the analgesia is likely to evoke an exclamation from the subject. This
is a situation very like the so-called "protopathic" pain of Head and Rivers and
is due to the stimulation of the deeper endings, the more peripheral ones having
being completely anesthetized. No sensations of warmth or heat preceded the
pain and this gave the effect of abruptness to the pain when it was perceived.
Some after effects were noted following these experiments. Tingling in the
lips, tenderness, and in one case, peeling. The minor sensory effects were usually
over within 24 hours.
Comment: The lips afford a satisfactory test site for topical analgesics in
humans as the penetration of the agents into the mucous membrane is rapid—
significant analgesia can be measured in five minutes following application of
the agent. The degree and duration of the analgesia depend to a marked extent
upon the manner of applying the ointment.
Two agents which have been extensively used as antipruritics are Histadyl
(therylpyramine HC1) and Thephorin (phenindamine). The agents are anti-
histaminics and their action on the pain threshold is of particular interest as
Graham, Goodell and Wolff (10) have concluded that itch is mediated only by
the pain endings in the skin. The results of measurements of the effects of these
two antipruritics is shown for three subjects in Figure 5. It is clear that these
agents have no analgesic action but to the contrary may slightly lower the pain
threshold. The connection between the antihistaminic activity of these agents,
their known powerful antipruritic action, and complete lack of analgesic effect
indicate that effects other than those due to pain are important in the itch
pattern of sensation.
After effects were again noted following experiments with the antihistaminics.
Hyperalgesia, tingling, and peeling of the lips were observed. These effects may
have clinical importance as although pruritus maybe temporarily relieved a more
active itching may develop after the effects of the agent have subsided.
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The results of the measurements of the effects of ethyl chloride spray upon
pain sensitivity are shown in Figure 6. Measurements of skin temperature were
made with a fine wire thermocouple. After spraying the skin for ten seconds no
sensation could be elicited by a stimulus that normally evoked a seven-dol pain.
The skin temperature at this time was about —5°C. Successive testing indicated
that pain could first be appreciated from a seven-dol stimulus one minute and
to
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Fin. 6. Effect of ethyl chloride spray upon the perception of pain from noxious stimulus
normally evoking a pain of seven-dol intensity.
twenty-five seconds after the end of the spraying. The seven-dol stimulus was
perceived as a two to three dol pain. The skin temperature was about + 5°C., a
temperature near the lower limit for nerve conduction. One subject was com-
pletely recovered two minutes and thirty seconds after spraying; the other
required almost five minutes for complete restoration of sensation. The increase
in sensation followed the rapid rise in skin temperature, indicating that the
anesthesia produced by the spray is due to the action of cold on the cutaneous
nerves and their endings. This effect is generally accepted.
45
TIME (MINuTES)
Fin. 5. Pain threshold changes on the lips following application of Histadyl and Thepho-
rin in petrolatum.
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DISCUSSION
These experiments demonstrate the possibility of obtaining quantitative meas-
urements of analgesic action of local and topical analgesics and anesthetics. For
the study of ointments, the lips provide a satisfactory test area. To obtain com-
parisons between the effects of various ointments the methods of application
must be carefully standardized. As in all pharmacologic testing of drug action,
the necessity for suitable placebo controls is apparent in these studies. The fact
that antihistaminics are useful in the control of pruritus in patients but have no
effect on the pain threshold demonstrates the ultimate necessity of the study of
the effects of all agents on patients as well as on normal subjects. However, the
normal human subject can serve in an important role in the screening of agents.
SUMMARY AND CONCLUSIONS
Using a three-second exposure of the skin to intense thermal radiation as the
painful stimulus, the pain threshold raising action of several commonly used
topical analgesics has been studied in three normal subjects. The effects of 3%
phenol, 2% menthol, 2% pontocaine, 1% nupercaine in petrolatum, and ethyl
chloride spray were studied on the intact skin of the inner surface of the fore-
arm. Only the spray had significant pain threshold raising action.
5% Benzocaine in petrolatum was studied on skin injured by ultraviolet
light and with application of cowage (itch powder). This agent had a feeble
action on the skin injured with cowage but none on that irradiated with ultra-
violet light.
5% Benzocaine and 1% nupercaine in petrolatum when tested on the mucous
membranes of the lips cause marked anesthesia and analgesia.
Histadyl and Thephorin when tested on the lips show no analgesic action.
It is concluded that:
a. Satisfactory quantitative measurements of analgesic potency of topical
analgesics can be made in humans if the lips are used as a test area. The mode
of application of the ointments is an important factor in the degree and duration
of the analgesia produced.
b. Antihistaminics, effective in control of itching, cause no change in the pain
threshold indicating that other sensory mechanisms than pain are probably
involved in the itch sensory pattern.
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